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Source apportionment of PM-2.5 in main area, Incheon using PMF
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ABSTRACT

Incheon, Korea experience severe air pollution owing to geographical location near China
which is the most polluted East Asian country with high mass concentrations of PM-2.5.
Although the occurrence of air pollution among neighboring countries and transfering PM-2.5
of inland, studies involving simultaneous ground-base PM-2.5 monitoring and source
apportionment in countryside and downtown area have not been conducted to date. This
study performed simultaneous daily ground-based monitoring of PM-25 in Jangbong,
Youngjong, and Guwol from January to October 2022. The mass concentrations of PM-2.5
and its major chemical components were analyzed simultaneously during 2022. Positive
matrix factorization (PMF) was utilized for the source apportionment of ambient PM-2.5 at
the three sites. Nine sources were identified at each site. While secondary nitrate, secondary
sulfate, vehicle, oil combustion, biomass burning, sea and salt were commonly found at each
site, coal combustion were identified only at Jangbong. Sources of contribution at Youngjong
were larger than that of other sites were sea salt and vehicle. In Guwol area, Industry and
vehicle were investigated as the major sources. In conclusion, this study shows that the
source apportionment model yields results for identifying pollutant sources in three receptor

locations.
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Fig. 1. Location of sampling site.

e A AEAHE A9 9FA(Quartz filter)$} PTFE(Poly Tetra Fluoro Ethylene)
ZE oH(AZ A3t AFHAH = FDS-210(DOOLITECH, korea)E o] &3o],
ZF 167 L/min, ¥73%2 AZE WINS(Well Impactor Ninety-Six)S F23te] 24A17F PM-2.5
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PM-25 AdFsis AF A5 24N &4 & 8}04 3 EA% ghe] Hags AHSsiRe
o, 718454 A2 GAH(2022)0 met @R E, F S
248 F4ol+= Semi-Continuous OCEC analyzer(Sunset Lab., USA) FHIE ARE3}Y S
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Fig. 2. Daily PM-25 concentration of sampling period.

PM-255 FA3%tal e A=

(59.9%) > BAAE(27.3%) > 7R
A E(28.2%) > ZIERAE 54%) > FEAE(
(27.9%) > 71EFIE(15.0%) > FEAAE(15%)22 YESTH A xl?% SR 01%*3%01 B
H &5 Ao H, Zk‘ix]"ﬂ«l A5 oledE ) o]
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[a] Jangbong [b] Youngjong [c] Guwol

Fig. 3. Percent contributions of chemical components in PM-2.5.



Table 1. The concentrations and mass fraction of PM-2.5 and 32 species

Species Jangbong Youngjong Guwol Mean

ug/m % pg/m’ % ug/m % ug/m’ %
PM-2.5 15 - 17 - 19 - 17 -
ocC 3.8 253 44 259 48 25.3 43 253
EC 0.3 2.0 04 24 0.5 2.6 0.4 24
Na* 0.1097 0.7 0.1060 0.6 0.1006 0.5 0.1054 0.6
NH," 2.1240 14.2 21675 12.8 24248 12.8 2.2388 13.2
K* 0.0378 0.3 0.0300 0.2 0.0274 0.1 0.0317 0.2
Ca™ 0.1479 1.0 0.1358 0.8 0.1310 0.7 0.1382 0.8
Mg* 0.0665 0.4 0.0644 0.4 0.0609 0.3 0.0639 04
NOy 3.0251 20.2 3.3537 19.7 4.1932 221 3.5240 20.7
SO~ 3.3611 224 3.3293 19.6 3.4691 18.3 3.3865 19.9
cr 0.1100 0.7 0.1524 0.9 0.1709 0.9 0.1444 0.8
Li 0.0003 0.0 0.0016 0.0 0.0005 0.0 0.0008 0.0
Be 0.0000 0.0 0.0000 0.0 0.0000 0.0 0.0000 0.0
Mg 0.0269 0.2 0.0253 0.1 0.0268 0.1 0.0263 0.2
Ca 0.0153 0.1 0.0230 0.1 0.0189 0.1 0.0191 0.1
Ti 0.0026 0.0 0.0043 0.0 0.0043 0.0 0.0037 0.0
A% 0.0017 0.0 0.0012 0.0 0.0012 0.0 0.0014 0.0
Cr 0.0146 0.1 0.0122 0.1 0.0142 0.1 0.0137 0.1
Mn 0.0057 0.0 0.0124 0.1 0.0114 0.1 0.0098 0.1
Fe 0.0867 0.6 0.0981 0.6 0.1318 0.7 0.1055 0.6
Co 0.0001 0.0 0.0001 0.0 0.0001 0.0 0.0001 0.0
Ni 0.0026 0.0 0.0021 0.0 0.0021 0.0 0.0023 0.0
Cu 0.0035 0.0 0.0048 0.0 0.0085 0.0 0.0056 0.0
Zn 0.0243 0.2 0.0326 0.2 0.0388 0.2 0.0319 0.2
As 0.0051 0.0 0.0072 0.0 0.0060 0.0 0.0061 0.0
Se 0.0017 0.0 0.0010 0.0 0.0010 0.0 0.0012 0.0
Sr 0.0038 0.0 0.0005 0.0 0.0005 0.0 0.0016 0.0
Mo 0.0003 0.0 0.0005 0.0 0.0006 0.0 0.0005 0.0
Cd 0.0003 0.0 0.0003 0.0 0.0003 0.0 0.0003 0.0
Sb 0.0007 0.0 0.0015 0.0 0.0015 0.0 0.0012 0.0
Tl 0.0015 0.0 0.0000 0.0 0.0000 0.0 0.0005 0.0
Pb 0.0118 0.1 0.0102 0.1 0.0107 0.1 0.0109 0.1
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Table 2. Comparison of the chemical components percentage by case(~ 15 ug/n',
15 ~ 35 pg/m’, 35 ~ 75 pg/m’, 75 ~ 100 pg/m’) of PM-2.5 concentrations

Sampling sites PM-2.5 Ion Carbon Metal

~ 15 pg/m’ 54.0 33.1 1.8
15 ~ 35 pg/m’ 58.9 25.3 1.2

Jangbong
35 ~ 75 pug/m 68.3 21.3 1.0
75 ~ 100 pg/m' 68.7 22.7 0.8
~ 15 pg/m’ 485 33.6 1.9
15 ~ 35 pg/m’ 55.0 28.7 1.2

Youngjong
35 ~ 75 pug/m 67.1 20.5 1.0
75 ~ 100 pg/m’ 59.1 18.2 0.7
~ 15 pg/m’ 443 36.7 2.0
15 ~ 35 pg/m’ 53.1 28.3 14

Guwol

35 ~ 75 pug/m' 62.3 18.0 1.1
75 ~ 100 pg/m’ 76.3 18.2 0.8

PM-25 F2 TAAREL Fig. 4.9 Jelth FE29 OC 253% (3.8 ug/m) > SO& 22.4%
(3.3611 ug/m’) > NOs 20.2% (3.0251 pg/m’) > NH," 14.2% (21240 pg/m’) > EC 2.0% (0.3 ug/
m)E EAHAL, dEAGLE OC 259% (44 pg/m') > NOs 19.7% (3.3537 ug/m') > SO~
19.6% (3.3293 pg/m') > NH," 12.8% (2.1675 pg/m') > EC 2.4% (0.4 pg/m)E e 79X
g2 OC 253% (4.8 pg/m) > NOsy 221% (41932 pg/m’) > SO 18.3% (3.4691 pg/m) >
NH," 12.8% (2.4248 pg/m’) > EC 2.6% (0.5 pg/m)E E2 = AT}

1.6, Metals

0.7, C-
0 11.2, 1.5, Metals
1.4, Metals 16.8,

Others 15.0,
) . 0.9, Cl- Others 0.9, ¢ ‘Others
: 253,00 \ 259,0C \ 25.3,0C

PM-2.5 PM-2.5 PM-2.5(Guwol)

it 15.0 py/nt S 20, EC 17.0 ug/m L ==y 18.3,5042- 19.0 pg/m’ s
il 19.6, 5042~ == 0.6, Na+ 05 Nar
2 o L 12.8, NHd+ 12.8, NHa+
\ N \
\ \ \
03,k 0.2, K+ 0.1, K+
0.4 o™ 10, Me2s: 0.4,Ca2+ 0.5, Mg2+ 0.3,Caze- 0.7, Mg+
[a] Jangbong [b] Youngjong [c] Guwol

Fig. 4. Percent contributions of main chemical components in PM-2.5.
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I =A Yelstti(Table 3).

I3
off
i
N

Table 3. The relative ratio of metal species

Ratio Mg | Ca | Ti \% Cr |Mn| Fe | Co | Ni | Cu | Zn | As | Sr | Cd

Jangbong 10, 08| 06| 15| 10| 07| 07| 10| 09| 04| 07| 12| 72| 1.0

Youngjong 10 13| 10| 10} 08| 11| 07| 10| 10| 05| 08| 14| 08| 1.0

Guwol 10, 10| 10| 10| 10| 10} 10| 10| 10| 10| 10| 1.0 10| 1.0

Metals

Metals
0.2 pg/m

0.2 yg/m

[a] Jangbong [b] Youngjong [c] Guwol

Fig 5. Percent contributions of metal components in PM-2.5.



32 PMF 2d A7 2 o dY 7|9 x vl

A AFAA A 13270 A5 F HF AE 12000, 9F 12270, 7€ 117709 FEAFRE
45l PMF(EPA 50) 29 #4& siith 4 29 793 g5 o7le o9, 3%
AL 7709 299S st A L Fig. 6.3

Sea and Salt

[a] Jangbong [b] Youngjong [c] Guwol

Fig. 6. Average source contributions during the sampling period at sample site.

Fig. 7. ~ Fig. 12.9] &3 74x99 g9 L7E} HH7IF 549 74 L9219 7]
E A% vehiit. iulxﬂﬂw T8 AL FEAGL2 oA HAB0.6%), e 5 A&
(30.1%), 13 4t (264%), LUAX(5.3%), 27H41%), MAUYAHRI%)Z EAHAoH, 4%

A

A9 olxF AAF(31.4%), °]7<]' ’?l' (21.0%), 2= T ol EY(164%), ;A AAH9.6%), 4
A5 (Indusrty 1, 6.3%), £746.6%), LLAE(B.9%), AFHL-F(Industry 2, 2.4%), vlo]uj~
AA224%)E YEtRth LAY Ae olxF AEA(24.0%), ©1xF B4FA(22.3%), 2HF(13.1%),
2 A S5 (Industry 2, 8.8%), A+HE%5 (Indusrty 1, 8.5%), 27(8.2%), HFol 2l A4 (6.0%), £
LAL(B.7%), HAUAAB5%)ZE EAHAT. Al A 25 o]z} Akl &3 mAwA] 7o =
7} 7}0 A Jesta, FeAge] 4 uE A H& Ay, 94 5 dAagEFY VA=t
o7 EUdt FTAGL AF T olFHlEdH AAYAY] FFol o, FEAAL
i}%h""} AAEE B Hlgo] AUFeRE w& AoE ZAMEATH
S AAls] 2 el disf AvEd, A A Ld¥e OC CI, K 5o 7|os= &7t
% A &7 (Biomass burning) @O E EFEAT CI'Y A sHHd A=A 243
H7IEY daFdAANA b OCe Kol wmiEse Zo=x HiuHEU(Nava et al, 2020;
Harrison et al., 2012; Hwang and Hopke, 2006). |3 717t &<t AHd o2 AL, 52 7d=
7F =2 7403 Uetton, A8A9Y 4 FHY w42 = BFE 47, w4HE &
o ke Zojgt FAEY. B3 U A9y gE2A AedE rHE 3 5 A9
A4 7104% T3 =4 UEbg Aojgt A Eol U3 A4 LYo ® HekH
T A 29 %% SO, NHy" 5] 7193}= 23} 34+ (Secondary Sulfate) LG9z 7
| T2 wjEd olitetd 7hxo] Atst B Ry ete] At o8 A
S ERE AW aRoA FEEREES doA YAE HFho] WA st o
Aoz Bl 2tKim and Hopke, 2004).
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A HA 2AYDE Mn, Fe, Cu, Zn 50| F2 7|93l= 2G50 23 2ddez RFs)
Gtk PM-25 7o == ZAEAS 01%, FEASG 63%, TEAYT 85% = ZTALE AT

Y HA @AY OC, EC, Fe, Zn 59 JEFS ¥ o5 29U (Vehice) o2 i
pZs

B
p‘i
2
o

AEAA 05%, AEAY 164%, TEAY 13.1%=2 YElgor, AEX G He o]FA 29
25 A o2 X937 tr=2 A Diesel FFHTFE Gasoline 2FHO 2 AdtH o7 Jokul= Ao F
=

A FH Folo] Bad FEolch
A

A HA 2H4E9E Ni, V 5°] F2 7|9dte THAE A4(0il combustion)o] ™. Y7 (Ni)
I vhE (V)2 Sfr(Heavy oil) 94 Al 83 FAEER, JXAAdLe iy Futa Hduk 59
AN B o FHE ARSI ok Fnbo] IS A B oyt FAAJAME LIdAL
Hl&o] W2 &2 FFoIAoH, dFesE 2dd 7 vddstA] ¥ FEAHY A5 °E
LAl B} od Aiel e FiF HIES & HOoE FAEITH

AN HA 2d4Ye NOsy NH," 5ol F2 7]9sh= 23} A4 (Secondary nitrate) &2, A
AGelM 25 7P =2 HES YUY ti7] & NO,= OH sy Z 5ol os] 4hste o] &
e AAdskal hEUYolel At A EE AAE A rAwA s=E EolA Eth
WA O Z NOyE £ Aulas B 32 2T AR HNHNOs)ol dA 345 A
=do =& 5SS HolH, 3 AL E wiEdH A FouEE] T A9 22
shEo] Abstste] 221 Aabdo] A ol AT Ao ARAFHZIZT ¢ HAZ AL
Aol Aitel2o] AFEE Holi, U¥ PMF 289 7dRoME ALHAN A5HE 25
E dolxls SA4S UEh oled SAES & AdE FAH

AdF HA 299 Na', CI, SO, Mg™, Ca** o] 7|93te= ald YA Z(Sea and salt) &
Ttk AEUAA 7 me FFAGANA oA Y=E 7} o]FHlEY VoE HdeoR
& Ales Ul Ao g ZAEReH, Aldd ©E V|oE 54 AA HolA oy dF
o] ko] wel JFS e AR FAHH

20
: m B
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0

langbong Youngjong Guwol

Mass Concentrations(pa,/ m)

m Secondary Nitrate m Secondary Sulfate m vehicle
Industry 1 M Industry 2 M Incineration

W Biomass burning mQil Combustion W Sea and Salt

Fig 13. Comparison of mass contribution of source for

each sampling site.
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33. AHA 2V AUA =4AS 7= BT}

B dTodMe fFdol e AHA =AAGd e FFS Hrtstr] fs dHASG PM-25
FE R EAAYY s MAAYY FEE &5t BAHAY VMxEE Hrte] Bl ®
g ANHF A AGH I AE ] AAGE Yo £4 Aot FEASHS vas) Bkt g
Aol A5 e dAg A5l 2H BAste] dA=E FEAH O (Fig 14. [a]), 42l
ARge WA= v s oy A5 @ 7oert 2l VoERY ot ¥ w2 F
F< YErAThFig. 14. [b])
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Fig 14. Comparison of predicted PM-2.5 mass concentrations from CAMx

modeling with measured PM-2.5 mass concentrations.
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Fig 15. PM-2.5 concentration and contribution of Incheon urban according to

sampling period.
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WEH T} AFHAY AHAMY AEY A& w29 £&2 dAZFo=E F dHHNHE, &),
FTFHBE(DF), EA(TY) o2 FolAH, 23 G EAR78L, dEFol, 449, 4t
s TSR olugt Aol uS FESHA UEuTh R ol2ARER F UEF ol
(Na'), BF O1&(K), 94 o1&(Chel A% MAAG(NY, FB)lA Agse 2 F&o| o
2 A%S EScUl(Table 4, Table 5), A9 91X 54 4 lEdAe FE o5 e A
o2 FAHHY o= FYol w2} =3 AR (Aged sea salt) 2ol B F Utk =HAHo
A Na', Mgl $E7} 3 AUAOR A $e $E 43¢ Yt 2e =38 99
22 222 ¢ e, AddATE Fdol wet fF o2 o]F Al 4hstdge] wet Crek H'7b
Adste] HCZ Ho nzdH7] mEe Fhde=Z Na's 52 79&s, A2 @2 7des
e ol Th(EPA, 2017).
Table 5. The concentrations and mass fraction of PM-2.5 and chemical
components at each sample site from May 17 to June 9 2022
. Baekreong Jangbong Youngjong Guwol
Species pg/m’ % pg/m’ % ug/ m’ % pg/m’ %
PM-2.5 11 - 13 - 13 - 15 -
ocC 3.2 29.1 2.2 16.9 3.1 23.8 4.4 29.3
EC 0.3 2.7 0.2 1.5 0.3 2.3 0.4 2.7
Na* 0.1044 0.9 0.1416 1.1 0.1099 0.8 0.1074 0.7
NH," 1.5597 14.2 1.9753 15.2 1.9794 15.2 2.1813 14.5
K" 0.0069 0.1 0.0611 0.5 0.0392 0.3 0.0096 0.1
Ca* 0.1595 1.5 0.1071 0.8 0.0991 0.8 0.1130 0.8
Mg** 0.0375 0.3 0.0566 04 0.0354 0.3 0.0301 0.2
NO5 1.3656 12.4 1.5240 11.7 1.3492 10.4 1.5438 10.3
SO4* 3.2569 29.6 4.3253 33.3 4.6169 35.5 4.9981 33.3
cr 0.0756 0.7 0.0225 0.2 0.0309 0.2 0.0219 0.1
Metal 0.0960 0.9 0.1647 1.3 0.1686 1.3 0.2473 1.6
Unknown 0.8379 7.6 2.2218 17.1 1.1714 9.0 0.9475 6.3

Table 6. The concentrations and mass fraction of PM-2.5 and chemical

components at each sample site from September 30 to October 18 2022

. Baekreong Jangbong Youngjong Guwol

Pedes e/ w/m % ue/m % p/m %
PM-2.5 13 - 15 - 16 - 17 -
oC 35 26.9 4.6 30.7 51 31.9 49 28.8
EC 0.3 2.3 0.4 2.7 0.5 3.1 0.6 3.5
Na* 0.0803 0.6 0.0669 0.4 0.0521 0.3 0.0532 0.3
NH," 0.8207 6.3 0.8106 54 1.1863 7.4 1.3632 8.0
K* 0.0142 0.1 0.0175 0.1 0.0053 0.0 0.0052 0.0
Ca® 0.0577 0.4 0.1633 11 0.1489 0.9 0.1540 0.9
Mg** 0.0370 0.3 0.0517 0.3 0.0374 0.2 0.0479 0.3
NOs5 1.3467 10.4 0.9737 6.5 1.5773 9.9 1.8862 11.1
SO.* 1.2218 9.4 1.6245 10.8 1.7732 111 1.8328 10.8
cr 0.0927 0.7 0.0588 0.4 0.0459 0.3 0.0312 0.2
Metal 0.1211 0.9 0.1509 1.0 0.2658 1.7 0.2733 1.6
Unknown 5.4078 41.6 6.0821 40.5 5.3078 33.2 5.8530 34.4
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